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What is the Navy Problem?

• ASW (Anti-submarine warfare) is a critical challenge for maintaining 
a Fleet presence in hostile areas

• ONR (code 321MS) has been supporting our research to develop 
the mathematical tools to address the problem of optimal design, 
employment, and control of distributed ASW sensors in complex 
and variable environments. 

• In the undersea environment, there are some unique challenges:
– Very large areas (order of 104 nmi2) must be covered covertly
– Prosecuting false alerts is very expensive and dangerous
– Sensors move (drift) in an undesirable manner
– Environmental uncertainty affects the decision-making process
– Target variability affects decision-making (high false alerts)
– Communications under water is limited to acoustics (low data rate and 

high power) and pop-up RF (repeatability?)

Want to use as few as possible, as cheap as possible, as quickly as 
possible, with high probability of detection and low false alarms.



4

Isn’t this Easy?

• How simple/complex can distributed tracking be?
• If we visually examine detections, will target location be obvious?
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A Distributed Sensing Problem

Problem: Determine the proper “sizing” of sensor fields to obtain tradeoffs between 
multi-sensor detection and multi-sensor false alarm performance as a 
function of the anticipated target characteristics.

Approach: Build analytical parametric models of system performance as a function of:
- (uncertain) target characteristics,
- (uncertain) sensor characteristics
- (uncertain) environmental characteristics

Then exercise the models to examine the effects of various deployment 
considerations on both detection and false alarm performance of the 
resulting field.

Consider the effects of environment and placement of sensors by 
examining the functions numerically compared to effective sensor density.

Consider parameters such as “time for multiple detections” as variables to 
be set by examination of the tradeoffs.
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Probability of Successful Search Model
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Probability of False Search Model
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A sequence of false alarms, in a certain spatial/kinematic sequence, 
may trigger a false search result in the track-before-detect scheme

Both the PSS and PFS models have been validated via 
comparison with MUSICAL Monte Carlo simulations.
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Reduced Equations for Analysis

• Some parameter combinations to facilitate the analysis:
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Values for Analysis

Case
Number of 
sensors

N

Fractional coverage 
of individual sensor 

ξ

Target motion 
search rate

ν

Number of required 
individual sensor 

detections

Many small 
sensors with 
slow targets

1000 0.005 0.1 hrs-1 2

Many small 
sensors with 
fast targets

1000 0.005 0.5 hrs-1 2

Few large 
sensors with 
slow targets

50 0.01 0.1 hrs-1 2

Few large 
sensors with 
fast targets

50 0.01 0.5 hrs-1 2
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Goal Distribution

Goal is to place sensors within search region but not on edges.
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PSS vs PFS Tradeoff for Goal 
Distribution

Note: Variable running along curves is time to get multiple detections (T)

Slower Targets Faster Targets
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Clumped Distribution

In a real deployment, the distribution becomes more clumped, either 
directly due to sensor motion/drift/deployment, or due to a change in 
effective sensor density due to environmental performance.
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Note: Variable running along curves is time to get multiple detections (T)

Slower Targets Faster Targets

PSS vs PFS Tradeoff for Clumped 
Distribution
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Conclusions

• For sensors that are uniformly distributed:
– For small time between detections, smaller numbers of larger sensors 

provide a better tradeoff
– For long time between detections, larger numbers of smaller sensors 

provide a better tradeoff
– These conclusions are consistent independent of expected target speed

• For sensors that have highly clumped distribution:
– The tradeoffs are similar to the uniform case for slow expected target 

speeds
– However, the smaller number of larger sensors dominates for fast 

expected target speeds, regardless of time between detections

• These methods and tools can be exercised in other parameter 
combinations to examine other issues in the deployment of 
distributed undersea sensors.


